In this sensitive, simple method for measuring "free thyroxin" (FT4) in eluates of dried blood spots on filter paper by use of a radioimmunoassay kit (Amerlex Free T4 RIA), the measurable range of FT4 is 1.8 to 57 ng/L (equivalent to the concentration in serum), or 7 to 237 fg/tube. The mean coefficients of variation for within assay-within spots, within assay-between spots, and between assays were 5.3%, 5.0%, and 6.2%, respectively. FT4 in blood spotted on filter paper is stable for at least a month when dried and kept at either -20 #{176}C, 4 #{176}C, room temperature (about 25 #{176}C), or 37 #{176}C. The results for FT4 in dried blood spotsco.related closely with the free-T4 concentration in serum (r = 0.99). The method can be used to differentiate cases of primary and secondary hypothyroidism from normal subjects and those with subnormal thyroxin-binding globulin. This method may be useful in screening for congenital hypothyroidism, because sample-retesting is not necessary.
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Mass-screening programs for congenital hypothyroidism have recently been developed, because irreversible mental retardation caused by this disorder can be prevented by early treatment (1) . These programs include measurement of thyrotropin or total thyroxin (T4), or both, in dried blood samples (2) (3) (4) (5) (6) (7) .
Measurement
of thyrotropin decreases the number of false-positive results for primary hypothyroidism, but is of no value for detecting secondary hypothyroidism. On the other hand, measurement of total T4 is useful for detecting both primary and secondary hypothyroidism, but gives false-positive results for various conditions such as the congenital absence of thyroxin-binding globulin (TBG). Thus Dussault et al. measured TBG in blood spots on filter paper when the total T4 concentrations in blood spots were low (8, 9) , but this involves doing two assays.
The concentration of free T4 in serum is known to be low in primary and secondary hypothyroidism and normal in subjects with hypo-TBG (10) . Recently a radioimmunoassay roxin derivative and a solid-phase antibody.
Here, we describe a method for measuring the "free T4 concentration" (FT4) in dried blood spots on filter paper by radioimmunoassay, and preliminary results with regard to detecting cases of primary and secondary hypothyroidism and differentiating them from normal subjects and patients with hypo-TBG.
Materials and Methods

Reagents:
We measured the free T4 concentration in serum and the FT4 concentration in dried blood spots by radioim- free-T4 serum, and 30 ILL of the mixture was spotted on the specially thick filter paper and allowed to dry at room temperature (about 25 #{176}C). ."FT4" concentrations in the dried blood samples were calculated as nanograms per liter of equivalent serum (ng/L eq. serum), by comparison with standard serum added to the packed cells.
Subjects:
Venous blood was sampled from 32 patients: 25 adults, ages from 17 to 42 years; seven neonates, ages from three to four weeks; four normal pregnant women, ages from 25 to 29 years (3 1-35 weeks of pregnancy). Samples were also collected from 30 normal subjects: 14 adults, ages from 22 to 39 years; and 16 neonates, ages from three to four weeks. The patients included 11 cases of primary hypothyroidism (nine When 30 tL of blood is spotted on this paper, the diameter of the blood spot is about 10mm, so that a 9-mm spot is estimated to contain about 30 zL X (4.527r/527r) = 25 ML of blood. adults, two neonates), two adult cases of secondary hypothyroidism due to isolated thyrotropin deficiency (11), 10 cases of hypo-TBG (five neonates and one adult with TBG deficiency and four adults with decreased TBG), and nine adult cases of hyperthyroidism.
Procedure for FT4 measurement in dried blood samples:
Blood spots 9 mm in diameter,5 equivalent to about 25 ILL of standard or test blood, were soaked in 300 ILL of phosphatebuffered saline and vortex-mixed at low speed for 20 mm. To 100 ILL of the eluate, 150 iiL of ['251]thyroxin derivative solution and 150 ILL of solid-phase thyroxin antibody suspension were added, shaken gently, incubated at 37 #{176}C for 1 h, and centrifuged (1500 X g, 20 mm, 4 #{176}C). The supernatant fluid was discarded and the radioactivity of the precipitate was counted in a well-type scintillation counter for 2 mm. The total count rate at zero concentration was about 10 000 counts! mm.
For determination of the stability of the FT4 in blood spots, the serum standard in a kit kept at -20#{176} C was used as standard. Except in the study of stability of the FT4 in blood spots, all samples were kept at -20 #{176}C. All assays were done in duplicate.
Results
Figure 1 depicts a typical standard curve obtained with the standard FT4 blood discs. The measurable range of FT4 was 1.8 to 57 ng!L eq. serum (7 to 237 fg per tube). The smallest amount detectable was estimated to be 4 fg per tube (0.8 ngfL eq. serum) from the point where the 95% confidence limit of the response at zero dose intersects the standard curve (12 replicates).
Addition of 8-anilino-1-naphthalene sulfonic acid (160 ILg per tube) to eluates of blood spots increased the FT4 values.
Coefficients of variation (CV) were evaluated in the following three ways: (a) aliquots of pooled eluate from different spots with the same doses were assayed in the same assay run (within assay-within spot CV); (b) eluates from different spots with the same dose were assayed in the same assay run (within assay-between spot CV); and (c) eluates from different spots with the same dose were assayed in different assay runs (between assay CV). As shown in Table 1 , the mean CVs were 5.3% (a), 5.0% (b), and 6.2% (c), respectively.
Samples of blood spots from two normal subjects were stored for about one month at -20 #{176}C, 4 #{176}C, room temperature (about 25#{176}C), or 37 #{176}C with or without drying. Then FT4 was measured with the standard free-T4 serum as standard. As shown in Figure 2 , changes in FT4 values in dried blood spots on storage were within 15% (CV 4.9%), which was less than that on storage of undried samples (change within 25%, CV 11.0%). Table 2 shows the estimated values for FT4 in dried blood samples and other thyroid-evaluation parameters. The FT4 concentration in blood spots and the free T4 concentration in the serum were low in cases of primary and secondary hypothyroidism, those of subjects with hypo-TBG and pregnant women were within the normal range, and those of cases of hyperthyroidism were higher than normal. The FT4 values of these blood spots were compared with the free T4 concentrations in the serum. As shown in Figure  3 , there was a good correlation between these two variables (r = 0.99).
Discussion
Free T4 concentrations in serum of patients with abnormal TBG are known to be within the normal range when measured by equilibrium dialysis (10) . Recently, radioimmunoassay kits have become available for measuring free T4 in serum (12) (13) (14) . With some of them, the serum free T4 in TBG deficiency is often estimated as less than that of normal subjects (our unpublished data). Here, free T4 in serum and FT4 in dried blood samples were determined with an Amerlex kit, and the values for cases of TBG deficiency were found to be within normal limits.
The nature of the free T4 in dried blood samples on filter paper is unknown. In our experiments, the FT4 values for dried blood spots seem to reflect the free T4 concentration in serum, because the two values correlate closely (r = 0.99) and the FT4 in dried blood samples was increased by addition of 8-anilino-1-naphthalene sulfonate, which is known to block T4 binding with TBG. The precision of the present method for measuring FT4 was almost the same for dried blood samples on filter paper and as for serum samples.
The FT4 in blood spots was more stable when stored dried than undried. Moreover, after one month, the FT4 concentrations in samples stored at lower temperature (-20 #{176}C or 4 #{176}C) seemed to be lower than those in samples stored at higher temperature (room temperature or 37 #{176}C). The reason for this is unclear, but alteration of FT4 itself or of TBG, or both, must be responsible for the difference. At any rate, the change was small, and on storage of dried blood samples the changes in FT4 were <15%.
As shown in Table 2 , measurement of thyrotropin can be used to detect cases of primary hypothyroidism but not to differentiate cases of secondary hypothyroidism from normal subjects. Measurement of total T4 can be used to detect both primary and secondary hypothryoidism, but not to differentiate hypo-TBG from hypothyroidism.
The present method for measuring either free T4 in serum or FT4 in dried blood spots can detect cases of primary and secondary hypothyroidism and differentiate them from normal subjects and patients with hypo-TBG in one assay.
The total T4 concentrations in serum of immature infants are known to be low, but the free T4 concentration of this disorder has not been reported. Further work is necessary to elucidate the problem. Our method has the following advantages: (c) It can detect primary and secondary hypothyroidism in one assay. Thus this method may be useful for screening for congenital hypothyroidism, although further studies are necessary. in congenital hypothyroidism treated before age three months. J. Pediatr. 81,912-915 (1972) .
